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PREFACE

The purpose of this manual is to be a concise guide to basic laboratory tests that can be done
with minimal equipment, training and little or no clectricity. The manual can be used to train basic
laboratory personnel and/or used as a reference for those already operating in the ficld. Included in
this book are both the standard manual field methods and more updated methods that can be
incorporated in a basic laboratory which will allow the lab worker to become more efficient. The
manual was designed to be used in conjunction with the Comprehensive Laboratory Atlas which
shouid alleviate uncertainty in laboratory diagnosis.

This version of the manual should be viewed as a draft effort. 1t was developed in consultation
with various organizations concerned with health, education, and lab pracitces in both Pakistan and
Afghanistan. If this manual is found useful for laboratory workers and for a teaching reference,

translated versions can be considered.

Many thanks to G. Mohyuddin and M. Yaqub for the many hours spent typing the
manuscript.

Carol L. Phillips

Printed with the cooperation of:

Office of AID Representative For Afghanistan Affairs and USAID
Primary Health Care Project, Islamabad, Pakistan.
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BASIC EQUIPMENT

Binocular Microscope (10X/40X /100X ienses)
Hand centrifuge

Spirit lamp/bunsen burner
Microscope slides
Coverslips

Staining dishes with lids
Cells counter

WBC pipette
Hemacytometer

Sahli hemoglobinometer
Subli pipette
Tubing/mouthpiece
Disposable lancets

Cotton wool

Immersion Oil

Lens paper/air brush
fodine (lugol’s)

Sodium chloride

Reagent Containers w/Lids
Xylene

Wash Bottles

Drying Rack for Slides
Timer

Test Tube Stand

Test Tube holder

Beakers

Mcasuring Cylinders

5 and 10 ml Pipettes
Conical Centrifuge Tubes
Specimen Containers
Wooden Applicator Sticks
Matches

Reagents/Stains-depend on size of lab, preference of the medical officer, and skills/training of
lab worker.

Note: This is only a basic list. Quantity and quality will depend on the individual facility.



THE RESPONSIBILITY OF THE LABORATORY PERSONNEL

The laboratory worker is responsible to perform laboratory tests according to their own
capabilitics and those of the facility in which they are working. These tests should be precisc as well
as accurate to provide the doctor (or their representative) proper information in order to benefit the
patients. The lab personnel. like the doctor, must regard the information gained from the course of
their daily work, as strictly confidential. Onlv the doctor or his representiative should receive the
test results, this includes the patients themsc.ves.

(80 ]



LABORATORY RULES
Always use the proper test methods; do not make up your own.
Refer to the manual for procedure questions.
Say when you don’t know something.
When in doubt, ask for a sccond opinion.
Ahways confirm irregular results (repeat the test if necessary).
Always maintain vour equipment.
Learn to work quickly and accurately.

Keep your work area clean.

Never give a patient results. Results are given only to the doctor or nurse requesting the
tests.

Keep your registers neat and simple.
Always follow manufacturer’s instructions when using equipment, reagents, etc.
All reagents should be clearly labeled.
When making new reagents, label should include:
name of rcagent
date made
date expires

your initials

Do not disregard expiration dates.



SAFETY RULES
Always add acid to water, slowly.

Keep acids and alkalis on the lower shelves of cupboard. Always hold the bottle upright when
removing or storing. Your hands should always be dry.

Never pipctte by mouth.

Never heat the bottom of test tube. Heat the middle of the tube, shaking gently with the mouth
of the tube pointed away from you.

Never place inflammable liquids (acetone, ethanol benzene, toulene, ether) near on open flame.
(Bunsen burner, spirit lamp, etc).

Always light the match and hold it to the burner before turning on the gas.

Always turn gas off at the end of a workday or when you are leaving the arca for a long period
of time (lunch, prayer, etc).

Wash your hands after drawing blood or handling specimens. (stools, urine, sputum).
Never cat or drink in the leboratory arca.

Keep all chemicals out of the reach of children.

Be familiar with first aid practices for laboratory accidents.

Know where first aid supplics are kept.

Label alt hazardous chemicals.

Work cautiously around an open flame.

Always use proper methods to dispose of laboratory waste such as specimen containers, used
needles and lancets, used guaze, etc.



FIRST AID FOR THE LABORATORY

Most often, accidents in the laboratory are caused by carclessness, rushing and untrained

personnel.

!\J
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Items that incur injury are:

Acids (nitric, sulfuric, hydrochloric, etc).

Alkalis (sodium, potassium, ammonium hydroxide, lye, ctc).

Toxic substances, inhaling toxic fumes (gases), or accidental swallowing by pipetting.
Heat (inflammable solutions, hot water, bunsen burners, etc).

Broken Glass (pipettes, beakers, slides).

Electricity (faulty equipment, wet hands cte).

To minimize injury. the following items should always be found in the laboratory.
Wash bottles containing clean water.

Fire blanket.

Tincture of iodine.

Adhesive bandages.

Cotton wool and guaze.

This equipment should always be readily available. DO NOT lock in a cupboard.

Refer to your physician in chiarge for first aid measures he wishes you to employ to minimize

damage to the accident victim.



LABELING AND LABORATORY RECORDS

All specimens that come to the lab must have a request form and be given a number or some
other form of identification.

Numbering the specimens:
—  This should be done immediately.

(a) on the specimen

(b) request form

(c¢) slide

(d) any test tubes that will be used

This will prevent mistakes.
Record all results in the appropirate register.

Hematology (Hgb)
Parasitology (Malaria, stools)
Urinalysis (Urine)
Bacteriology (TB)

CLEANING GLASSWARE

Rinsc all used glassware in cold or lukewarm water hefore residue dries in the glass. Never rinse
blood stained tubes in hot water.

Souk glassware in water mixed with soap. (Wash powder or liquid detergent) for 2-3 hours. Be
sure to clean the insides with a test tube biush.

Remove individually and rinse thoroughly with tap water. Make sure no soap residuc is left
that will interfer with testing.

Pluce containers (beakers, flasks, cte) on a draining rack to drip dry. Place tubes upside down
in a wire basket. Place the basket in a hot air oven at 60°C or cover with a clean cloth and place in a
sunny place to dry.

All clean glassware should be stored in a cupboard to protect it from dust. If possible, all
beakers and flask tor: should be plugged or covered.

Pipettes
——  Rinse immediately after use in a strcam of cold water.

— Soak in soapy water.
— Rinse with tap water to remove soap and then rinse with acetene and blow dry.



DISPOSAL OF SPECIMENS

All specimens that are brought to the lab should be considered “infected material”.
Specimens may be:

burned (incincrated)

buried

boiled
Depending on the container (disposable) or methods at your lab,
Incineration is the casicr and most effective method.
— use an old mctal drum.
— removable lid.

—— fix a metal graic about '3 the way up to drum.
— cut a vent in drum below the grate.

The incinerater should be closed (lid and vent) when not in use.

Burial

— dig a pit 4-5 meters deep and 1-2 meters wide.
— make a lid that fits tightly over the pit.
— strengthen the upper rim using bricks or stones.
— throw infected material into the pit and replace the lid.
~— at least once per week cover the refuse with a layer of dried leaves or quicklime (if
available).
7



NON-DISPOSABLE CONTAINERS

Stool
— fill the containers with 5% phenol.
— leave for 24 hrs.
— empty into lavatory (toilct).
— clean with soap and water.
Sputum

— Pour into each container 10 ml of 10% formalin solution or 5 ml of 5% phcnol.

— lcave for 24 hours.
Boiling in detergent
— keep a pan only for this purpose.

— boil for 30 minutes.
— water should be a strong solution of detergent.

Urine
— empty bottles in lavatory.
— fill with 10% solution of bleach.
— leave for 24 hrs.
Note: Disposable containers require less work and are casier to get rid of.

Are the above containers always cleaned properly?



MICROSCOPE
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MICROSCOPE USE AND MAINTENANCE

A clinical laboratory without a microscope or one that is not properly maintained is not really

a laboratory.

Most of the basic test procedures discussed in this manual include a microscope at one point or

another.

Learn your microscope well and keep it properly maintained and your clinical laboratory will

be efficient.

Components of the Microscope

. The support system:

(a)
(b)
(c)
(d)

the basc
the arm
the stage
the noscpiece

2. The magnification system:

(a)

(b)

The
(1)
(2)
(3)

The
(1
()
3

objectives

X10 objective (low power)
X40 objective (high power)
X100 objective (oil immersion)

cyepieces —- the magnifying power is marked.
X4 cyepicce — magnifies 4 times.

X6 cyepicce — magnifies 6 times.

X10 cyepicce — magnifies 10 times.

3. The illumination system:

(a) The mirror reflects rays from the sun.

(b)

(c)

(h
(2

The
(1
(2)
(3)

The

(1)
(2)

Planc surface
Concave side — forms a low power objective — not used if a condenser is
rresent.

condenser -— brings the rays of light to a common focus on the object.
found between the mirror and stage.

raised for maximum light.

lowered for minimum light.

diaphragm

within the condenser.
used to reduce or increasc the angle and amount of light that passes into the

condenser.,
9



4. The adjustment system:

(a) Coarse adjustment — used first to get an approximate focus.
(b) Fine adjustinent — brings object into perfect focus.
(c) Condenser adjustment — used to bring in more or less light.

(d) Iris diaphragm — small lever on the condenser used to open or close the
diaphragm.
Note: There is an instruction manual that comes with each microscope. Use it to identify the 4

different systems. Always keep book and microscope together.

Focusing
1.  Low Power (X10 objective)

— Condenser is down.

— Lower objective until it’s just above the slide.

— Use coarse adjustment to find the object.

—  Fine adjustment for perfect focus.
2. High Power (X40 objective)

— Condenser should be halfway down.

— Use coarse adjustment till blurred image appears.

— Bringz into focus with fine adjustment.
Note: If microscope has no condenser, use the concave side of the mirror.
3. Oil Immersion (X100 objective)

—  Place a drop of immersion oil on slide.

— Condenser is up and diaphragm is fully open.

— Lower X100 until it comes into contact with oil.

—  Use fine adjustment slow/y until object is in focus.

—  Use a biue filter for better resolution.

Images seen using the microscope are seen in a circle of light known as the “‘microscopic
field”.

To establish the position of the object, use the hands of a clock.
For example, a parasite is at 6 O’clock™.

Before changing objectives, be sure object is in the middle of the field. .



Maintenance

Your microscope needs daily attention to keep it in good working order.

Materials
1. Lens paper or tissue paper
2. Soft clean cloth
3. Xylene
4. Microscope cover (plastic)
5. Finc paintbrush or rubber bulb to clean lenses.

Cleaning Objectives
X10 — Wipe with lens paper or clean cloth. Wipe across not in a circle.
X40 — Same as above.
X100 — Remove oil with lens paper dampened slightly with Xylene. Wipe again with clean
paper. This should be done duily.

In hot dry climates — objectives may need cleaning throughout the day. Use a fine brush or
bulb to clean.

Cleaning Eyepieces
Only clean the surface where your eye is placed.
Cleaning inside the cyepiece only allows more dust to enter.
Use lens paper and/or a finc brush.

Cleaning Condenser / Mirror
The mirror is cleaned with a soft cloth moistened with alcohol.
The condenser is cleaned the same as the objectives.

Cleaning Painted Surfaces
Support and Stage — Use soft cloth. No alcohol or Xylene.

Use a damp cloth with plain water if necded and be sure surface is dry before putting the
microscope away.



DO’s

Keep the microscope covered when not in use.

Clean oil immersion lens daily.

Clean occulars (cyepieces) with soft lint free cloth or lens paper.
Follow manufacturer’s instructions when a question or problem arises.
Always carry a microscope with 2 hands.

Keep fingers away from objectives and cycpicces.

Don’t use alcohol to clean painted surfaces.

Don’t dismantle microscope.

Don’t exchange lenses with other microscopes.

Don’t store in direct sunlight.

Never store microscope with condenser up and oil immersion object in center.
Don’t use microscope on an uneven or wobbly counter.

Never keep microscope in a wooden box in hot, humid climates.



URINALYSIS



URINALYSIS

In order for urinalysis to be meaningful, the urine must be properly collected. Improper

collection may invalidate the results of the laboratory tests no matter how carefully the tests are
performed. There are many types of containers that can be usced for collecting urine. Regardless of
the type, they must be capable of being cleaned and throughly dried before specimens are

collected.

Methods of obtaining Specimens:

(a) Freshly voided (random)
— Adcquate for most tests except for microbiological cultures.
— The patient should be instructed to void directly into a clean, dry container or bedpan
(transfer to appropriate containers).
—  Most common.
(b) Midstream Clean Catch
— Suitable for microbiological cultures and chemical testing.
— Avoid contamination with vaginal discharge or menstrual blood.
—  The female patient should be instructed to clean the vaginal area using a front to back
motion.
— A small amount of urine is then passed into the toilet or bedpan to be discarded.
— The urine is then collected in a clean, dry container, covered and taken to the
laboratory.
(c}) Postprandial
— Used for glucose testing.
—  The patient is instructed to have a meal, 2 hours later they return to the laboratory and
give a specimen,
(d) First Morning Void
— Most concentrated.
— Best used for protein, nitrite, pregnancy testing, and microscopic exam.
—  The patient is given a container or told to obtain one proper for urine collection. They are
then told to collect the first urine upon waking,
Urine specimens should be examined within one (1) hour. When the examination is
delayed:

Bacteria will use the glucose and multiply, accordingly:

— the glucose reading may be inaccurate
— the urine may turn alkaline

— casts may decompose

— red blood cells may lyse

If refrigeration is available, place the specimen there until the examination can be done. If not,

the patient should be asked for another urine specimen.

13



PHYSICAL PROPERTIES OF URINE

i. Appearance:

This is the first observation made on a urine specimen. Most facilities use the standard terms
of:

Clear
Hazy
Cloudy

2.  Colour:

The colour of urine is affected by many elements: concentration, food, blood, discase and
chemicals. The intensity of the colour of normal urine depends on the concentration.

Normal Colour:

Colourless (very dilute urine)
Straw
Yellow

Abnormal Colour:

Amber — hepatitis

Brown — old blood, bile

Red — mens:rual blood (can be normal if red bects (beetroot) are eaten)
Black — "*Blackwater fever™ P. falciparum

3.  Turbidity:

Normal freshly voided urine is usually clear or transparent. If the urnie is alkaline (pH greater
than 7), it may appear turbid due to the presence of phosphates or carbonates. Abnormal turbidity
may occur with urinary tract infections.

4. Volume:

The normal volume of urine voided by an adult in a 24 hour period ranges from 750 to 2,000
ml. The average is about 1,500 ml. The amount voided is directly related to the person’s fluid intake,
temperature and climate, and the amount of perspiration that occurs.



CHEMICAL PROPERTIES OF URINE

Specific Gravity Bilirubin

pH Nitrite

Protcin Ketones

Glucose Urobilinogen
Blood Leukocyte Esterase

Chemically — impregnated reagent strips are available for rapid determination of the urine
chemical properties as stated above. These strips are used in basic urinalysis and have virtually
replaced older, more cumbersome and time consuming methods.

Specific Gravity: (SpG):

measures the concentrating and diluting abilities of the kidney.

ts nceded to interpret the results of most tests performed in routine urinalysis,
highest in the morning (greater than 1.020).

normal values usually range from 1.010 o 1.025.

Clinical Significance:

Low:

pH:

Diabeies insipidus (most severe example) SpG usualiy ranges from 1.001 to 1.003.
glomerulonephritis
pyeloncphritis

adrenal insufficiency

hepatic discase

congestive cardiac failure

excessive loss of water (diarrhea, sweating, fever, etc)

regulates acid — base balance of body
helps in identiiication of crystals
acid urinc needed for casc formation

Clinical Significance:

Acid urine (lower than 6.0)

acidosis and/or uncontrolled diabetes mellitus
patients on high protein dicts



Alkaline Urine:

—  normal after meals due to HCL in gastric juices

— renal tubular acidosis

— urinary tract infections

—  renal stone formation (phosphate, calcium carbonate)

Glucose:
— most common sugar found in urinc
—  glucosuria occurs when blood glucose level exceeds the reabsorption level of the renal
tubules (renal threshold)

Clinical Significance:

— after heavy meals
-—— high cmotional stress

Pathological glucosuria:
— diabetes mellitus — most common cause.

Ketones:

— improper fatty acid metabolism
Clinical Significance:

— diabetes mellitus
—  restricted carbohydrate intake (fever, anorexia, fasting, starvation, diets)

Protein:

—  Proteinuria is an increased amount of protein in the urine.
— important indication of renal discase.
— can be found in association with extreme physical exertion.

Clinical Significance:

— nephrotic syndrome

— lupus

—  congestive heart failure
— multiple mycloma

Functional:

— fever
— exposure to heat or cold
— cmotional stress

16



Blood:

indicates damage to kidney or urinary tract
may appear as intact cells or hemoglobin
normal in women during menses

Clinical Significance:

Bilirubin:

infectious discase
trunsfusion reaction
hemolytic anemia
following severe burns
various poisonings

indicates hepatocellular discase or biliary obstruction.

Clinical Significance:

hepatitis

jaudice

hemolytic anemia
malaria

Urobilinogen:

small amounts normally found in urine.

Clinical Significance:

Nitrite:

malaria

hemolytic anemia
pernicious ancmia
hepatitis

congestive heart failure

If found in urine always indicates bacteriuria.

Clinical Significance:

indicates infection in persons that experience no symptoms
early warning usefull for:

pregnant women

diabetes

clderly paticnts

17



MULTIPLE-REAGENT STRIPS

Advantages:

— Little specimen is needed.

— | minute to complete all tests.

— All reactions arc a dcfinite color change.
— No rcagents to maintain.

— No cquipment nceded except the container the strips are stored in.
— No refrigeration.

— No temperature correction (SpG).

Disadvantages:
—— container must be air tight, moisture will be effect
the chemical pads.
—  Expiration date is sometimes a problem.

—  Colorblindness.

Procedure:

I.  Remove a strip from the container and immediately
close the lid.

2. Completely immerse all reagent arcas into fresh, well
mixed, uncentrifuged urine. Dip bricfly and remove
immediately to avoia dissolving out reagents.

.

3. While removing the strip, run the edge against the rim of
the urine container to remove cxcess urine. Hold the
strip in a horizontal position to prevent possible mixing
of chemicals from adjacent reagent arcas and/or soiling
of hands with urine.

4,  Compare test arcas closely with correspond-
ing colour chart on the bottle label at the time
specified. Hold strip close to colour blocks
and match carefully.

5. You arc rcady to spin the urine for the
microscopic exam.



B - Bilirubin

BB - Glucose

19



PRECAUTIONS USING REAGENT STRIPS

Reagent test strips are sensitive chemical tests and need to be kept in good condition. Incorrect

storage and handling will causc deterioration; strips in poor condition will give unrcaliable
results.

20

Do read package insert carefully before.
Do replace cap immediately and close tightly.
Do check expiry date on bottle before usc.

Do ensure that containers arc absolutely clean and free from contaminants, e.g. antiseptics or
detergents.

Do Use only freshly voided, uncentrifuged urine.

Do store reagents in cool, dry place. Do not store in a refrigerator.
Do Not remove descant from bottle.

Do Not touch test areas of the strip.

Do Not take out more strips than are required for immediate use.
Do Not transfer strips from one bottle to another.

Do Not acidify, centrifuge, or filter specimens prior to testing.



SPECIFIC GRAVITY (URINOMETER)

Materials: A
Urinometer
measuring cyclinder (50 ml) .
thermometer 3
At least 40 ml of urine is required. (If this method is used, ,_Jk

inform the patient of the lab’s requirement).

Procedure:
1. Pour 40 ml of urine into the cylinder.

2. Lower the urinometer gently into the urine and release.

Wait for it to settle. It must not be touching the sides
or bottom of cylinder. .

t the surface of the urine.

4 Read the SpG given on the scale a

5. Remove the urinometer and take the temperature of
the urine at once with the thermometer.

6. Temperature corrcction. 1022

— urinometer is calibrated at 20°C,
— add 0.001 to the reading for cach 3°C above the
standard (20°C).
~— substract 0.001 for cach 3°C below 20°C.
—  glucosc-substract 0.004 from reading for cach 1% of glucose.
— orotein-substract 0.003 from reading for ecach 1% of protein.

Note: The above correction are necessary only when SpG is critical, as in urine concentration
tests.

21



Results:

Range of equipment 1.000 — 1.035
Adult and child range 1.015 — 1.025
(normal fluid intake)

Infant range 1.012 — 1.025

A low iigure is not significant if the patient drank a large amount of fluid prior to
testing.

MEASUREMENT OF pH

Normal freshly passed urine is slightly acid (around 6.0). When urine stands at room
temperaturc or warmer for sometime it may be alkaline. Following a meal, urine becomes more
alkaline duc to gastric acid being scereted. Diets high in fruit and vegetables and low in meat protein
may produce alkaline urine. High meat diets cause persistently acid urine.

acid neutral alkaline
0 7 14

Procedure (Indicator Paper)

Tear off a strip of the indicator paper.

Dip onc end in and out of the urine.

Remove excess urinc.

Compare the colour change according to the standard chart.

W —

Multiple reagent Strip (5.0-8.5)

. Remove strip and immediately close container.

2. Dip in and out of urinc and remove excess on absorbent paper.
3. Compare to colour chart.

4.  Record results.

Normal pH 5.0-7.0 (usually around 6.0)

22



PROTEIN DETECTION IN URINE

Method:
30% Sulfosalicylic Acid.

When sulfosalicylic acid is added to urine containing protein, a white precipitate forms. The
urine must be clear. If it is cloudy, it should be filtered or use the supcrnatant fluid from a
centrifuged specimen.

Materials:

—  Test tubes

—  Test tube rack

— Graduated 5 ml pipettes
—  30% sulfosalicylic acid

Procedure:

|.  Pipette 5 ml of urine into a clear test tube.

&

2. Using a dropper, add 2 drops of sulfosalicylic acid solution to the urine.

o

SO OO

3. Compure with a tube of untreated urine against a black background.

Positive Result

A white precipitate forms on the addition of reagent.

+ = Trace

+ + = Small amount

++ + = Modcrate amount

++ + + = Large amount (opaque)

Negative Result

No white precipitate forms. Solution remains clear.
23



GLUCOSE DETERMINATION URINE
Benedict’s Method

Materials: |

— Pyrex test tubes (for heating) 5 ﬁ]

— Test tube holder

—  Beaker

-— Bunsen burner/spirit lamp
—  Bottles

— Pipette

— Benedict's solution

Procedure:
1. Pipettc 5 ml of Benedict solution into clean test tube.
2. Add 8 drops of urinec and mix well.

3. Boil over a bunsen burner or spirit lamp for 2 minutes. Keep the test tube at an angle. A can of
boiling water can be used. The test tube is put in it for 5 minutes.

o

No. 2 No. 3

4.  Allow mixture to cool to room tempcrature.

Colour Result Concentration (mmol/L)
Blue Neg 0
Green Trace 14
Green/Yellow 1 + 28
Yellow/DR/Green 2 + 56
Brown 3+ 83
Orange/Brick Red 4 + 111 or greater

24



URINE SEDIMENT

Urinary sediment is microscopic clements contained in urine suspension. Thesc elements are

collected upon standing or light centrifugation. The sediment should be cxamined within 3

hours.
Elements
WBCs Ycast
RBCs Bacteria
CASTS: Hyalinc Parasites
Granular Crystals
WBC Foreign Debris
RBC Spermatozoa
Epithelial Mucus
Waxy and Broad
Fatty

Urine Collection

Mid-stream urine and cath specimens are best for sediment detection because most of the

contamination is gone. Patients should be instructed on the mid-strcam method. A sterile container
is the one of choice.

Materials

— clectric or hand centrifuge.

— 15 ml conical centrifuge tubcs.
— dropping pipette.

— Slides and coverslip 20 x 20 mm
—  Microscope

Procedure

Sl o e

el AN

Note: Report all elements scen.

Mix urine gently

Pour approximately 12 ml of urinc into conical tube.

Centrifuge at medium speed for 5 minutes.

Pour off supernatant by inverting the tubc quickly. Do not shake.

Note: the supernatant can be used for chemical testing.

Shake the tube to resuspend the sediment.

Using a pipette, place one drop on the slide and cover with a coverslip.

Examine at once. Drying will distort the clements in the sediment.

Use the X 10 objective first, using low light (condenser down), scan the sediment for casts, cells,
mucus; ctc.

Use the X40 objective to identify cells, yeast, presence of bacteria and crystals and to quantitate
these clements. When using the X40 objective, remove the colored filter but do not raisc the
condenscr.

25
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RBCs

(a) Intact — small yellow/green disc darker at the edges.
(b) Crenated — spikey edges usually smaller in diameter than intact.
(c) Ghost — Swollen RBC’s with a thin edg>, may be very hard to sce.

There are normally no red cells in the urine, they may be found in the urine of women if
specimen is taken during the menstrual period.

RBC’s may be confused with other clements.

— Only RBC's appear coloured

—  Yeast cells bud

—  Urate crystals -—— vary in size

— Air droplets —— vary in size and are refractile

Indicate O
WwWoe
-— Renal tumors
— Kidney stones
—  Tuberculosis
—  Prostatic conditions
-— Bleeding and clotting disorders
—  Tremendous stress to Kidney (excessive running)

®0§o &
@,
® ®

WBC’s

(a) Intact — fince granular disc — nucleus may be visible.
(b) Degencrated — distorted, shrink
(c) Pus — Clumps of degencrated WBC's

A few WBC's arec normal. The presence of many leukocytes indicate infection.

Indicate

—  Pyclonephritis (protein present)
— Lower urinary tract infection (protein absent)
~—  Present without bacteria but with blood — tuberculosis of the kidney

Squamous Epi Cells

— Large, irregularly shaped cells

— Fine granulation

—  Nucelus usually visible

— Come from the normal shedding of the epithelial lining of the urinary tract and organs
(Ureter or vagina)
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Indicate

Bladder Cells

Renal Cells

Note:

Yeast

Do

Indicate

Bacteria

Improper specimen collection
Urine not clcan catch

Large granular cells
Often have pointed ends
Distinct nucleus

Smallest of cpithelial cells
Twice as large as WBC

Granular with a distinct, sometimes refractile nucleus
Usually protein in urinc when these cells are present

Most epithelial cells do not need to be identified other than *“epi cells™. However, il renal
cells arc present, this should be noted for the doctors information.

not confuse with RBC.

Small, round to oval bodies that can be scen budding

Colourless
Red cells do not bud
Not soluble in acetic acid, RBCs arc

Possible yeast infection (usually female)

Old specimen 8 00

Sometimes present when glucose is detected

Significant only in properly collected specimen that is examined promptly-probably
urinary tract infection

Spermatozoa /0

Can be found in both male and female urine (most often male)
Very small round to oval head, long flagella
Motile in very fresh specimens



Indicate

— Improper specimen collection
-~ Prostrate problems
— Reccent sexual activity

Trichomonas (Vaginalis) ).\

. . . \
—  Protozoan that causes a genitourinary discharge \
Usually found in women but can be found in men

—  Size of a white cell 6"‘"‘
AT '- »

—  Motility is a rapid jerky motion ki O
FURRTH a 'f'-ﬁ';-.""'l
— 4 flagella g‘- Ve ¥
—  Undulating membrane that scems to vibrate QIR 2
—  Nucleus at the flagella end, looks like an “‘cyc” /i',‘" Y
KA
D) YA J

—  Formed in the distal and collecting tubules

—  Protein necessary for their formation

— Urinary pH (must be acid to aggulinate the protein)
— Time for urine to concentrate (high SpG)

—  Parallel sides with round to blunt ends

—  Formed during renal diseasc
Hyaline Casts %
Almost transparent and slightly refractile

-—  Must use low light or they will not be seen

-— Disintegrate in alkaline solution

—  May contain a few cells or debris that was present during formation. (less than 'A
full)

—  Can be found in normal people after exercisc

Granular Casts
(a) Coursc granular

—  Short casts filled with large granules
— Sometimes yellowish in colour
— Easy to locate on slide

(b) Fine granular

— Short casts with small granules
— Not as refractive

— Not always filled with granules
— Do not confuse with hyaline casts

Both types are probably a desencration product of epi cells, RBC, or WBC. Further
degeneration may result in a waxy cast. Significant if found in large numbers.
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Waxy Casts (Rare)

—  Smooth, homogencous and opaque

— High refractive index

—  May have a yellow colour

— Frequently short, broad and appears to be breaking

Indicate

— Severe kidney discase
— Advanced renal failure

Cellular Casts

Always clinically significant (!;@6@ ﬁ

WBC Casts

—  Originates only in renal tubules

— Do not confuse with clumps of WBCs

—  Parallel sides round to blunt ends and at least V5 -4 full of WBC’s
— Must identify using X40 objective

— Sometimes hard to distinguish from mixed cell casts

Indicates

—  Pyclonephritis
—  Glomerular discase

RBC Cast (Rare)

—  May appcar colourless if only a few RBC’s are present

—  Degencrated RBC’s will give the cast an orange-red colour

— If no cell margins are seen it is sometimes referred to as a hemoglobin or truc blood
cast

Indicates
—  Glomerulonephritis
—  Vasculitis
— Rule out collagen discase in young females

Epithelial Cel! Cast (Rare)

— Larger than WBC Casts

—  Cells arc usually in 2 rows

—  Cells generally more degencrated than WBC’s
—  Somectimes casts appear to be pale yellow

(a drop of 10% acetic acid will make cells more visible)
30



Indicates

— definite evidence of tubular discase
— acute tubular necrosis

Fatty Casts (Rare)

-— usually large
— very refractile (black globules)
-— associated with moderate to heavy proteinuria

Indicate
—  glomerular discasc-nephratic syndrome
Casts

— scan on XI10 objective using low light (condenser down) and coloured filter (if
available)

— report all casts scen as number per low power ficld. Example = 0-2 hyaline/LPF

— Swith to X40 objective for positive identification

Muscus threads

— thread-like, transparent forms of protein that precipitated from tubules
— low refractive index
— report amount as light, moderate, heavy

-— usually associated with proteinuria
— can be seen after excrcise
Foreign Substances

— from dirty slides and/or coverslips
— specimen cxposed to air you find the following:

Cotton fibers

hair

pollen grains

oil droplets

air bubbles

starch granules (talc powder)

These substances cause problems for lab workers becausc at times they can be easily confused
with casts, crystals and cells. Expericnce will climinate most of this.

Crystals

Crystals can be divided into 2 groups, acid crystals and alkaline crystals. All crystals except

amorphous sediment have a somewhat regular geometric shape. 1



Acid Crystals

(a) Calcium Oxalate

envelope shaped QCD@

square with refractive “X"
can be peanut-shaped @
most common constitutent of kiclney stones

* Can be found in alkaline urine

(b) Uric Acid

yellowish brown in colour
football-shaped (diamond)

can have a rosctte form or barrel form
outside edges usually darker in colour
scen in gout patients

(¢) Calcium sulfate

(d) Amorphous Urates (granules)

(e) Cystine (Very rare)

Indicate

() Cholesterol (rare)

32

long prisms or flat blades
can be separate or in bundles

appear light pink in urine

look yellow under the microscope
will precipitate if urine is refrigerated
can interfere with microscopic exam
will dissolve if urine is gently heated

hexagonal plate (6 sides)
colourless and very refractile
found only in fresh urine (soluble in ammonia)

cystinuria, a hereditary metbolic disease

plates that appear to have a stairstep shape or a corner missing
colourless and refractile
soluble in ether



(®)

()

)

Leucine (rare)

— yellow brown in colour
— looks like a wheel or sofa pillow
— seen in scverce liver disease

Tyrosine (rare)

— yellow brown in colour

— sheaves of fine needless

-— scen in severe liver disease

Bilirubin (rare)

— small crystals, squares, beads or needles

— brown in colour
— about % the size of an RBC

Alkaline Crystals

(a)

(b)

(c)

(d)

Triple Phosphate

— “coffin lid” appearance

— can be found in either pH

—  “feathery forms” found only in alkaline urine
— colourless & refractile

Ammonium Urates (Biurate)

—  “thornapple” crystal

— yellow & refractile

— can be seen in bundles of needles
— often found with phosphates
Calcium Phosphate

—  prisims, star-shaped
— colourless

Calcium Carbonate
— dumbbell-shaped, small

— colourless
— soluble in acetic acid-gives off CO,
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(¢) Amorphous Phosphate

— gives urine scdiment a white colour

— small granules
— soluble in acetic acid

Report any crystals seen as rare, few moderate, many or heavy. Crystals should always be
identified using the X40 objective.
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HEMATOLOGY

Hematology is the study of the blood, which includes the blood cells and the fluid make up of

the blood.

There are 3 difterent types of blood cells:

LS B 8

I. RBCs
Appearance

Size
Normals

Function

2. WBC’s

Appcarance
Size
Normals
Function

3.  Platelets

Appearance
Size
Normals
Function

Red blood cells (RBC) or crythrocytes
White blood cells (WBC) or leukocytes
Platelets or thrombocytes

Round cclls with a central pallor (inner halo) no nucleus or granulation
(smooth appearance)
7-8 microns
Adults:  Male 4.6-6 2 million, u./ |

Female 4.2-5.4 million/u/1
Carrics oxygen from the lungs to the tissues and carbon dioxide from the tissues
to the lungs.

Round to irregular shaped granulated cells containing a large nucleus.
9-20 microns

5-10 thousand (adults)

Body’s defence against infection.

Fragments of cclls that look like large sand granules.
2-5 microns

150,000-400,000

Helps maintain the clodting action of blood.
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COLLECTION OF BLOOD

For the purpose of basic laboratory technicians, there arc 2 methods of collecting blood,
Venous and Capillary. Duc to the methods used in this manual only the capillary method will be
discussed.

The following equipment may be used:

— Disposable blood lancets (preferable)
—  Sterile lancets
— Hagedarn needle (No. 7 or 8)

Capillary Method

—_—

Find a spot on a finger tip (not calloused).

2. Use the side if possible-less sensitive.

3. Clean the site with cotton wool swab diped in alcohol. (70% isopropal, cthanol,
ctc).

4,  With a clean swab, dry the site.

5. Prick the finger with a firm rapid motion.

6. Wipe away the first drop of blood with dry cotton wool.

Use the Heel or Big toc for infants — usually under 6 months. If the infant is older than 6
months but small, the heel or toc may be used.

— Usc outside edge of the heel.

—  Usually 2 quick pricks are necessary to obtain the stcady flow of blood.
—  When using the toe, the outside edge is again less sensitive.

—  Use the same procedure as the finger stick.

A few drops of blood taken from the finger, toe or heel ar-. cnough for certain laboratory tests
used in this manual such as:

—  White Blood Cell Count

— Blood differential

— Hemoglobin determination
—  Detection of blood parasites






HEMOGLOBIN - SAHLI METHOD

Principle

The blood is diluted with an acid solution to acid hematin and the test solution is matched

against a coloured glass reference.

Note: This is not an accurate way to estimate hemoglobin because not all hemoglobin is changed
into acid hematin. The colour changes are not great and the brown colour of the standard
is not a true match for acid hematin. The results, therefore are very subjective to cach
individual doing the test.

Materials: -

=
. . -

— Sahli hemoglobinometer 3

— Sahli Pipette 3

— Small glass rod 3

—- Dropping pipctte ¥

— Absorbent paper 3

— 0.IN hydrochloric acid (HCL) 3

— Tubing and mouth piece U

Method:

1. Fill the graduated tube to the 20 mark with 0.IN HCL.

2. Draw capillary blood to the 0.02 ml mark of the sahli pipette - no air bubbles. Do not take
the first drop of blood.

3. Carefully wipe the outside of the pipette, then check that the blood is still on the
mark.

4. Blow the blood from the pipette into the acid solution and rinse 3 times. The mixture
should be a brown colour.

5.  Allow to stand for 5 minutes.

6. Place the tube in the hemoglobinometer and compare the colour. A good light source is
needed so face a window. If the colour is the same or gredtcr than the reference,
hemoglobin is 40 g/d or less.

7. If colour is darker than reference, continue to dilute by dddmg 0.1N HCL drop by drop.
Stir tube after cach drop, stop when colour matches.

8. Note the mark reached on the tube. Depending on the type of hemoglobmometcr the
concentration is given in g/100 ml or as a percentage of “Normal” (This type is not
recommended).

6. To convert g/100 ml to g/I, multiply by 10. To convert percentdges to g/1, multiply by
1.46.

Examples:
(a) 14.8 g/100 ml x 10 = 148 g/1
(b) 85% x 1.46 = 124 g/I
Note: This method has too much room for error.
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HEMOGLOBIN ESTIMATION

Copper Sulfate Method

This method is based on specific gravity. A drop of blood dropped into the solution is incased

in a sac, which prevents only change in specific gravity for about 15 seconds. If the drop of blood
has a satisfactory specific gravity it will sink within 15 seconds. If not the drop will hesitate, remain
suspended, or rise to the top of the solution in 15 seconds. This is not a quantitative test and will
show only that the hemoglobin is equal to, below, or above acceptable limits.

Materials

— 2 containers of at least 30 ml with a screw cap.

— Copper sulfate solution with SpG of 1.053 (females)
—  Copper sulfate solution with SpG of 1.055 (males)
— Capillary tubes

-~— Blood lancet

— Cotton wool swabs

— Alcohol
Method
. Clean the site for the finger or toe stick.
2.~ Puncture the site and allow blood to flow freely.
3. Do not Squecze
4.  Collect blood in capillary tube without allowing air to enter tube.
5. Letonedrop of blood flow gently from the tube (1 cm from top) to the correct container (1.053

e

females, 1.055 males).

Observe for 15 seconds.

Record results:

— greater than or less than 12.5 gm/dl: (Females)
— greater than or less than 13.5 gm/dl: (Males)

Solution is stored at room temperature and tightly capped. For routine use, dispense 30 ml of

solution into a correctly labeled, clean, dry tube or bottle. Change daily or after 25 tests.

Note: Test results that indicate satisfactory hemoglobin levels are usually accurate but some

40

results that indicate low hemoglobin levels are false.



WBC COUNT

Materials

WBC pipet

Tubing and mouthpiece

3% Acetic acid (diluting fluid)
Lancet

Cotton wool

Alcohol

Hemacytometer

Microscope T T TT—71
Counter I L B

Procedure

e w—

N

Place tubing on WBC pipet.

Prick finger and wipe away first drop of blood.

Place tip of pipet at a slight angle to the blood flow and fill pipette to the “0.5” mark.
Wipe excess blood off pipette and draw diluting fluid to the “11” mark.

Hold the ends of the pipette between the thumb and middle finger and mix in a figure 8 motion
for 2 minutes.

Piace pipette on a flat surface and allow mixture to settle for 5 minutes.

Make sure counting chamber and cover glass are clean. Place cover glass in position and you
are ready to fill the counting chamber.

Discard several drops (2-3) onto absorbent paper and using the WBC pipette fill the counting
arca of the hemacytometer. Do not overfill.

Allow the fluid to sit in the chamber for 1-2 minutes to allow it to settle.

Place the chamber on the stage of the microscope, use the X 10 objective (low power) and low
light. Focus the rulings of the chamber.

4]






1. Count the cells in the 4 large outside squares (the four corners). Count the cells seen on the
lines of 2 sides of each square counted.

12, Multiply the total number count by 50 to obtain the number of leukocytes per Cumm (mm?) of
blood.

—Tmim— Tmm >—Tmm—s

| |_

IN
ﬁ
|
l.

lll
|
!

lu
NP

Cell Counting Area on One Side of Hemacytometer with Improved Neubauer Ruling

Area for wbc count: 4 large squares marked ‘“W'* (total area = 4 sg mm)
Area for rbc count: 5 small squares marked ““R* {total area = 0.2 sq mm)

Example:

Number of cells counted = 176.
Cells in | mm? = 176 x 50 = 8800
Results reported = 8,800/mm?,
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Normal Values
Adults = 5 — 10,000/mm?3

Pediatric Range

Newborn = 9,000 — 30,000/ mm?3
2 weeks = 5,000 — 20,000/mm3
1 year = 6,000 — 18,000/mm?3
4 years = 5,500 — 17,500/ mm?3

10 years 4,500 — 13,500/ mm?3



Material:

WBC COUNT UNOPETTE METHOD

Unopcttes
Cotton wool
Alcohol
Lancet
Microscope
Counter
Petri dish
Filter paper

Storage Instructions

If count cannot be performed immediately after blood is diluted, store reservoir at room
temperature. Perform count with three (3) hours of making dilution.

Procedure:

l.

(S

Punciure Diaphragm: Using the protective shield on the capillary pipette, puncture the
diaphragm of the reservoir as follows:

(a)

(b)

Place reservoir on a flat surface. Grasping reservoir in one hand, take pipette assembly in
other hand and push tip of pipette shicld firmly through diaphragm in neck of reservoir,
then remove.

Remove shicld from pipette assembly with a twist.

Add Sample: Fill capillary with whole blood and transfer to reservoir as follows:

(a)

(b)

()

(d)

(c)

Holding pipette almost horizontally, touch tip of pipette to blood. Pipette will fill by
capillary action. Filling is complete and will stop automatically when blood reaches end of
capillary bore in neck of pipette.

Wipe excess blood from outside of capillary pipette, making certain that no sample is
removed from capillary bore.

Squeeze reservoir slightly to force out some air. Do not expel any liquid. Maintain
pressure on reservoir.

Cover opening of overflow chamber of pipette with index finger and scat pipette securely
in reservoir ncck.

Release pressure on reservoir. Then remove finger from pipette opening. Negative
pressurc will draw blood into diluent.
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)

(8)

(h)

Squeeze reservoir gently two or three times to rinse capillary bore, forcing diluent up into,
but not out of overflow chamber, releasing pressure each time to return mixture to
reservoir.

Place index finger over upper opening and gently invert several times to thoroughly mix
blood with diluent.

Let stand for ten (10) minutes to allow red cells to hemolyze. Leukocyte counts should
then be performed within three (3) Hours.

Charge Hemacytometer: Mix diluted blood thoroughly by inverting reservoir to resuspend

cells.

(a)

(b)

(©)

(d)

Convert to dropper assembly by withdrawing pipette from reservoir and resetting securely
in reverse position.

To clean capillary bore, invert reservoir, gently squecze sides and discard first three or
four drops.

Carefully charge hemacytometer with diluted blood by gently squeezing sides of reservoir
to expel contents until chamber is properly filled.

Place hemacytometer on moistened filter paper in petri dish. Cover petri dish and allow to
stand ten (10) minutes to permit cells to settle. (moistened filter paper retards evaporation
of diluted specimen while standing).

Count and Caleulate: A leukocyte count is performed with a Neubauer hemacytometer as
follows:

(@)

Under X40 magnification, leukocytes are counted in all nine (9) large squares of counting
chamber.

(b) Add 10 percent of count to total number of cells counted.
(c) Multiply this figure by 100 to get total leukocyte count.
Example:

If 70 cells are counted, total count is: (70 + 7) x 100 = 7700 leukocytes/cu mm.



l. PUNCTURE DIAPHRAGM

(b)

-

2. ADD SAMPLE
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3. CHARGE HEMACYTOMETER
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LEUKOCYTE DIFFERENTIAL

Preparing the Slide:

Material:

—  Clean glass slides

—-  Sterile lancet

—  Methanol

— Greasc pencil

—  Microscope

— A means of counting the different cells.
(a) Machine with key board
1b) Counting box with becans or beads
(c) Pencil and paper

Procedure

. Use clean dry slides. If necessary clean them with cthanol and use a soft cloth.

2. Takc a drop of blood from the side of the 3rd or 4th finger. Do not take blood from Index
finger or thumb, infected finger or car (tloo many monocytes).

3. Let blood flow frecly and collect for WBC count first if requested.

4. Hold the slide by the edges and collect a drop of blood on one end.

5. Using a sccond slide as a spreader, place it just in front of the drop.

6. Draw spreader back until it touches the drop and let the blood run along the edge of the
spreader.

7. Using a smooth movement, push the spreader to the end of the slide. All the blood should be
spread out before reaching the end.

8. Check that the blood film is satisfactory:
— no lines thru the film
— no ragged edges at the end
— film not too thick
- no holes in film duc to using a greasy slide

9. Dry the film adequately before staining,

10. Mark the dry film before staining with the patient’s identification.

I1. Whilc the film is drying, protect it from flys and other insccts that could distort the
film.

Staining

I.All glassware must be clean. Use methanol to remove stain deposits.

2. Make surc water is correct pH. (6.8-7.2).

3. Always allow slide to dry completcly.

4. Always have cach slide properly labeled.
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STAINING THE FILM

Leishman’s and Wright’s stain give similar results and are used as individual stains.

Wright’s Quick Stain is stain of choice

— No preparation time for stain
— Less equipment
— Least amount of staining time

Staining with quick stain (Wright’s)

Materials:

— 2 rods over a sink or staining rack
—  Timer clock

—  Wash bottle

— Drying rack for slides

— Pipette or syringe

Procedure:

1.

0.

After slide is completely dry, place on staining rack.
Using a syringe or pipette flood the slide with quick stain.
Set timer for ten seconds or just count to ten.

Using a wash bottle, rinse stain off slide (gently).

With forceps, stand slide upright and gently iizise again,

Allow slide to dry (air dry) and it is ready to read.



LEISHMAN STAIN
Materials:

—— Staining rack or 2 glass rods over a sink
—  Mecasuring cylinder

—  Wash bottle containing buffered water
—  Leishman stain

—  Timer clock

—  Methanol

Procedure:

. Fix slide with methanol for 2-3 minutes.

Prepare | in 3 dilution of stain using | part stain and 2 parts buffered water, Mix well.

Note: Prepare znoueh stain for 1 day’s use. New stain should be made daily.

3. Cover slide with stamn for 7-10 minutes. (times may need changing depending on freshness of
stain).

4, Wash stain off using a steady stream of buffered water. Do not tip stain off.

5. Leave clean water on the slide for 2-3 minutes to differentiate the film. The pH of the water is
important to get correct results (6.8 to 7.2).

6. Tip water off and place in rack to dry.

2]




Materials:

Procedure:

[S]

—  Field stains A and B
—  Wash bottle
— Beakers

—  Methanol /z///a | .’
>

— Timer clock

STAINING WITH FIELD STAIN

227

Fix the slide with methanol for 2-3 minutes.

Dip slide into field stain B and count to 5.

Drain and Wash in Ist container of water.

Drain and dip into field stain A and count to 10.

Drain and wash in second container of water.

Examine colour of stain. It should appear neither too blue nor too pink. (mauve)
If colour is not correct return cither to A or B stain for a few more seconds.

Place in rack and allow to dry.
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LEUKOCYTE DIFFERENTIAL

There are 5 main types of leukocytes (WBCs) which are normally found in the blood:

ncutrophils, lymphocytes, monocytes, basophils and cosinophils. Under pathologic conditions,
other types arc found such as immature forms of those mentioned above.

The differential WBC count directs the attention of the doctor to a particular discase or

condition. It can also be used to monitor the patient’s progress under a particular therapy.

100 WBCs are counted and the number of cach is recorded. The numbers should always add up

to 100.

Materials:

- Microscope with X100 and X10 objectives

—-  Immersion oil

—  Well stained slide

—  Counter system (keyboard, Bead counter, pencil and paper).

Method:

(S0

54

Place slide on microscope, using X 10 objective (low power) find correct arca for counting. The
arca counted should be where the RBCs are barely touching or slightly overlapping (area
B).

Move the X10 objective and place a drop of immersion oil in the arca you have chosen to
count.

Using the X100 objecitve, count 100 WBC’s systematically moving from one ficld to the
ncxt.

Make sure you do not move into a ficld that is too thick. If you do, move in the opposite

dircction.
While you are counting, take notc of the RBC morphology and platclet estimation.
Learn to identify normal cells correctly so you are certain to recognize abnormal cells.

Refer “*Abnormal” smears to a doctor or for a second opinion. Most scrious error — calling
abnormal cells *“NORMAL™.
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Norma! RBC morphology. RBCs are round with little variation in
size. A central pale area is seen in mosl cells because the normal RBC is a

biconcave disc.



COUNTING METHODS
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IDENTIFICATION OF LEUKOCYTES

In a well stained film:

Neutrophils —  Cytoplasm is salmon to faint pink and contains pink to mauve granules.

Eosinophils — Large red to orange granules.

Monocytes ~ —  Grey-blue cytoplasm -— sometimes has vacuoles and may contain a few red
granules.

Lymphocytes —  Cytoplasm stains a clear blue, (sm cells) cytoplasm stains a dark blue. Nucleus

takes up most of the cell, may contain a few red granules.

Basophils — Many dark blue-purple granules fill tke cell.
RBCs — Tan to pink.
Platelets — Stain a dark blue-pink.

You are now ready to begin your count.

To identify the types of WBCs:

I

2.

Note the size of WBC compared to the red cells.
Note the shape of the nucleus and its size to the total area of the cells.

Appearance of cytoplasm. Colour pink, salmon, blue, dark/blue, purple, any granules in
cytoplasm. (basophil, eosinophil, etc).

Check the nucleus (chromatin) whether it is dense or not and place of nucleus. (central or
eccentric).

Vacuoles and nueleoli are round or oval areas that are distinct in the cell (holes). They may or
may not stain.
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Normal Cells:

A.

58

Polymorphonuclear Neutrophilic qranulocyte (“poly” or “Seg”)

The nuclcus has many forms, scgmented or divided into lobes.
2-5 lobes connected by a filament of nuclear membrane.
Nuclear chromatin highly clumped. (deep-staining).

Cytoplasm is abundant.

-

“Band form" or "'Stab cell”

1.  Immaturc form of “‘poly”.
2. Cytoplasm abundant — nucleus not yet formed a filament which divides the nuclear
lobes.
3. Criteria to classify as “band”
(a) curved, band-shaped nucleus, without a thread-like filament.
(b) 2 sides of the nucleus run parallel for any distance.
(c) only slight indentation.

Eosinophil
1. Large round cells
2. Numecrous red-orange granules that are tightly packed.
3. Nucleus usually has 2 lobes.
Basophil
round cells with very large blue-black granules that cover all of the cell.

1.
2. somectimes cytoplasm has vacuoles.
3. nucleus is hard to see because of granules.

Lymphocyte

{.  Small ccll with consistent appearance.

2. Large. dark blue, dense nucleus that covers most of the cell.

3. Very little cytoplasm visible — blue with usually no granules scen.

Monocyte

Largest of normal lcukocytes.

Cytoplasm is grey-blue, has a cloud-like appearance, often has pseudopods.

Nucleus lobulated (kidney bean or horseshoe shaped) chromatin less dense — appears
“raked™.

4, vacuoles may be seen, some are large.
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POLYMORPHONUCLEAR NEUTROPHIL CELL

Size | 12-15 um

Shape .rounded, well defined IMMATURE POLYMORP.

Cytoplasm abundan't, pinkish NEUTROPHIL CELL HONUCLEAR

Granules mauve and very small, numerous but {"BAND FORM' OR “STAB CELL")
separate .

Nucleus  several (2-5) lobes, linked by strands of
chromatin, The chromatin appears as a
uniform deep purple mass.

POLYMORPHONUCLEAR EOSINOPHIL CELL

SMALL LYMPHOCYTE Size 12-15 um
) Granules large, round, orange-red, numerous and
Size 7-10pm closely packed
\/Svhape {ound . L of the cell Nucleus  usually 2 lobes.
ucleus arge, occupying most of the cell, . _
ch?omatin zzrkgpurple, dense Some;umes the cell appears damaged, with scattered
granules,

Cytoplasm very little visible; blue with no granules.

POLYMORPHONUCLEAR BASOPHIL CELL

The rarest type of granulocyte.

Size 11-13um

Shape round

Granules  very large, round, deep purple, numerous
but less closely packed than those of the

eosinophils

Nucleus  difficult to see because covered by the
granules

Vacuoles occasional small colourless vacuoles in the
cytoplasm,

59




NORMAL VALUES FOR THE DIFFERENTIAL LEUKOCYTE COUNT

Cells At Birth 4 Weceks 4 Ycars 6 Years Adult
Neutrophil 37-57% 25-35% 25-45% 45-50% 50-65%
Band 0-1% 0-1% 0-1% 0-1% 0-1%
Eosinophil 1-3% 1-3% 1-3% 1-3% 1-3%
Basophil 0-1% 0-1% 0-1% 0-1% 0-1%
Monocyte 4-8% 5-9% 4-8% 4-8% 4-10%
Lymphocyte 25-35% 45-65% 40-60% 40-45% 25-40%

(Compiled from data from Miule, J.B.. Laboratory Medicine, Hematology, 3rd ed., The C.V.
Mosby Company, St. Louis, 1967, and Davidsohn, I. and Nelson, D.A.: Blood. In: Clinical
Diagnosis by Laboratory Methods, Davidsohn, I. and Henry, J.B., Eds., W.B. Saunders Company,
Philadelphia, 1969.)

60



MORE COMMON ABNORMAL WBC'’s
A.  “Atypical Lymphocyte”
1. Size is variable — usually larger than normal lymph.
2. Cytoplasm is darker blue than normal lymph and have a dark edge.

3. Nucleus is eccentric, deeply cleft (indented) to lobulated distinct nuclear membrance.
Chromatin densely packed.

4. Numerous vacuoles are sometimes present.

Indicative in viral infections — infectious mononucleosis. Can also be found in tuberculosis
and severe malaria.

B.  Plasma Cell
1. Round or oval cell with round eccentric nucleus.
2. Chromatin is clumped and often seen in a ‘“‘wheel” arrangement.
3. Dark blue cytoplasm with a pale staining arca around the nucleus.
May be seen in measles, tuberculosis and multiple myeloma.
C. Hypersegmented Neutrophil
1. usually larger than normal.
2. nuclei have 5-10 lobes.
Usually associated with folic acid or B-12 deficiency.
D. Blast Cell
1. Most immature of all leukocytes.
2. Large round to oval cell.
3. Large round nucleus that contains 1-5 nucleoli and takes up most of the cell.

4. Cytoplasm is dark blue with a clear area around the nucleus. Indicative of
leukemia.
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ABNORMAL DIFFERENTIAL

“Shift to the left” — Increase in band form. Indicates severc bacterial discase.

“Shift to the right” — Increase in lymphs. Indicates a viral disease.

Hypersegmentation — B-12 or folic acid deficiency.

- Atypical Lymphs — Infections Mononucleasis.

Eosinophilia — increase of cosinophils-allergic reaction or parasitic infection.

Blast forms -— acute leukemia.

1.

Absolute increase in the number of neutrophils (neutrophilia):

A. Appendicitis
B. Myelogenous leukemia
C. Bacterial infections

Absolute increase in the number of eosinophils (eosinophilia):

Allergenic reactions
Allergics

Scarlet fever
Parasitic infestations
Eosinophilic leukemia

moOw»>

Absolute increae in the number of lymphocytes (lymphocytosis):

A. Viral infections

B. Whooping cough

C. Infectious Mononucleosis
D. Lymphocytic leukemia

Absolute increase in the number of monocytes (monocytosis):

Brucellosis

Tuberculosis

Monocytic leukemia

Subacute bacterial endocarditis
Typhoid

Rickettsial infections

Collagen disease

ammonN®E>



RBC MORPHOLOGY

Size: 6-8 um in diameter

Shape: Biconcave disks with donut-shaped appearance, edges stain darker than center
because there is more hemoglobin there.

Colour: Lt pink to reddish-orange — deeper colour around the edge.

Structure: No nuclei, nuclear remnants or cellular inclusions.

Anisocytosis — Varicty of sizes
Poikilocytosis — Variety of shapes

Sickle cell — Sickle shaped or crescent
Ovalocytes — Oval shaped (various anemias)
Acanthocytis — Irregular spaced Projections

Burr cells — Uniforme spaced Pointed Projections (Uremia, acute blood loss, cancer of
Stomach)

Schistoeytes — red cell fragments (DIC)

Basophilic stippling — Purple granules in RBC (lead Poisoning)

Microcytes — decrcase in size (Thalassemia and anemias)

Macrocytes — Increase in size (liver disease)

Hypochromia — red cells with large central pallor (Iron deficiency)

Spherocytes — no central pallor. (hemalytic anemia)

Target cells — central stained area (hemoglolinopathies)

Stomatocytes — Oval or rectangular area of central pallor. (Electrolyte imbalance)
Siderocytes — iron deposits (Prussion blue)

Howell-lolly Bodics — purple staining nuclear fragments in the RBC. Often seen after Spleen
Removal.

Cabot Rings — Purple staining rings in RBC. (Pernicious anemia and lead posioning)
Polychromatophilia — gray colour
Teardrop-shaped RBC’s found in the thalassemia and some anemias.

Parasites — malaria is most common — parasite and cell must focus in same plane.
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BACTERIOLOGY
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BACTERIOLOGY

Collection of Sputum

Note:

Using a sterile container with a tight lid, collect the first sputum of the morning.

A nurse or lab person should be present to ensure the procedure is done right.
The patient should stand if possible and take a deep breath.

Empty his lungs in onc breath, coughing as hard and deeply as he can.

He should spit what he brings up into the container.

Label the container with name and date.

Liquid frothy saliva and sccretions from the nose and pharynx are not acceptable. Sputum

comes from the lungs and another specimen should be produced.

Infected sputum can contain:

thick mucus with air bubbles
patches of pus and/or blood
threads of fibrin

Mycsbacterium tuberculosis (TB) is a very infectious disease. It is spread from person to
person by inhalation of airborne bacteria and respiratory secretions (cough, sneezing or

talking).

In the laboratory, special care should be taken when handling suspected specimens.

Disposable surgical masks should be used when handling sputum specimens.

Preparations of Smears

Materials:

5% solution of bleach
wooden applicator sticks

15 ml conical centrifuge tube
clean slides

cotton-tipped applicator

Procedure:

> D —

Mix the sputum with an equal part of 5% bleach.
Stir with wooden stick for even mixing.
Make sure lid is ON tight and shake for 2-3 minutes.



(Room

4. Allow to stand for 10 minutes at room temperature.
5. Pour into 15 ml conical centrifuge tube and spin for 10 minutes at low to med.speed.
6. Decant supernatant — you now have a sterile creamy white sediment.
7. Using a coiton tipped applicator, transfer some sediment onto the slide.
8. Sprcad cvenly and allow to air dry.
No fixation with methanol is necessary.
9.  You arc now rcady to stain.
KINYOUN’S COLD ACID FAST STAIN
Procedure:
I. Pass slide through the flame 3 times.
2. Place slides on a staining rack or 2 rods over a sink.
3. Flood with Kinyoun’s carbol fuchsin and allow to stand for 5 mins.
tcmperature).
4. Rinsc with distilled water.
5. Decolorize with acid-alcohol for 3 minutes.
6. Rinse again with distilled water.
7. Redecolorize with acid-alcohol for 1-2 minutes till no more red colour runs.
8. Rinse with water and drain water by tipping the slide to the side.
9. Flood slide with methylene blue and allow to stand for 4 minutes.
10. Rinse with water and allow to dry.
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ZIEHL - NEELSEN STAIN (HOT)

Materials and Reagents:

—  New glass slides

— Inoculating loop

—  Cotton wool plug on metal wire for flaming
—  Timer

—  Carbol-Fuchsin

— Acid-cthanol

—  Methylene blue

—  Methylated spirit (for burning)

—  Wash bottle of water

Procedure:

l.

Make the smcar as thin as possible and use as much area as you can.

Note: If inoculating loop is used, put it into liquid detergent solution and shake. Then pass thru

2.

3.

4.

a flame until dry. This prevents airborne bacteria.
Allow smear to air dry then fix by passing thru the flame at least 3 times.
Place slides on staining rack.
Flood slides witk carbol fuchsin (filter before use).
Dip cotton wool swab in the methylated spirit, light it and pass slowly under the slides.
When steam begins to rise, sct timer for 5 minutes.
Continue to heat so that steam continues, without boiling, for 5 minutes.
If stain starts to dry, slowly add more.
Cool slides, then wash with distilled water till the run-off is colourless.
Decolorize with acid-ethanol and leave on for 3 minutes.
Wash slides and drain off water.
In thick smears, fuchsin may still be seen. Decolorize again for | minute and wash.
Cover slide with methylene blue for 30 seconds.
Wash with tap water for | minute.

Drain and place in rack to air dry.
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16.

2.

Examine slide.
Do not mistake for tubercle bacilli.

Yeast-stained more or less red. When heated they break into groups of large red
granules.

Spots of stain deposit — the slide is improperly decolorized.

Principle of the stains

Carbol fuchsin

— Stains all things in the sputum red.

Acid-alcohol (ethanol)

— Takes the red out of all organisms except acid-fast bacilli (TB).
Methylene blue

— Stains all organisms and elements blue.
— The acid-fast bacilli remain red.

Slide Examination:

-—— Scan on high power (X40) (3 minutes).
— ldentify using oil immersion (10 minutes).

Tubercle bacilli are:

— red, slender, delicate

— 1-4 um long

— beaded or banded appearance

— may be curved

— may appear to have tapcred ends

— often arranged in groups (bits of string or forked shaped)

Resvlts:
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Positive

— If 2 slides are made, and bacilli are found on the first, examine the second slide before
reporting a positive result.

Negative

Examine both slides for 10 minutes each before reporting a negative result.



RECORDING OF RESULTS

Number of acid-fast bacilli (AFB) found Report Alternatively
0 Negative for AFB -
1-2/3000 fields Numbers seen +
1-9/100 fields Number/100 fields 1 +
1-9/10 fields Number/ 10 fields 2 +
1-9/field Number/field 3+
9/field 9/ field 4 +
Pathogenicity

The bacilli may enter the body through inhalation, producing the local lesions of pulmonary
tuberculosis; by ingestion, producing primary lesions in the mouth or tonsils or in the wall of the
intestine; or directly through the skin, producing a local ulceration. Pulmonary tuberculosis is the

form of the disease with the highest rate of morbidity and mortality.
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PARASITOLOGY

Parasitology is the study of parasites that cause disease in man. A parasite is an organism that

lives in or on another living organism of a different species and obtains food from it.

Parasites can be found in the following types of specimens:

— Fecal (stool)
— Blood

—  Urine

—  Sputum

— CSF

— Tissue samples

For purposes of this manual we will discuss only those parasites commonly found in stool and

blood.

STOOL EXAMINATION

Specimen Collection

Stool will be collected into a clean, wide-mouthed container and should not be contaminated
with urine, water or soil.

The stools should be brought to the laboratory as soon as possible.
Liquid specimens should be examined within 30 minutes if possible.

Formed specimens may be kept at room temperature for a few hours but should be examined
the same day.

To be kept longer, the specimen should be refrigerated and some should be put into a
preservative (10% formalin).

Multiple specimens collected over a period of time may be needed to diagnosis some parasitic
infections.

Sufficient quantity of specimen is need to:
1. prevent drying of stool
2. find parasites in low concentration

3. do a good microscopic exam

Formed stools should at least be the size of a walnut. Liquid stools should be at least 5
tablespoons (%4 teacup).

If many specimens are received at the same time, examine the watery stools first.
Never leave stools exposed to air (in containers without a lid).

All specimens must be properly labeled. 71



MACROSCOPIC EXAMINATION

Procedure:

3

Check label of specimen to be sure it matches the request form.
Carefully remove the lid from the container. Only one specimen at a time.
Check for:

Colour
Consistency

Blood

Mucus (quantitate)
Worms

Record the results

Colour

Brown
Black

Dark brown
Green
Yellow

Consistency

Watery
Loose

Soft
Formed
Semiformed
Mucoid

Example:
l. Dark brown, loose, trace of mucus
2. Mucoid, Brown, 2 + blood
3. Black, Watery, 2 + mucus

Replace lid and move to next sample or do the wet mount immediately.



WET MOUNT SLIDE PREPARATION

Materials:

—  Microscope

—  Slides and coverslips

—  Wooden applicator sticks
— Sodium chloride (saline)
—  Lugol’s iodine (diluted)

Procedure:

I

10.

Using a clean slide, place 1 drop saline on right half of slide and 1 drop lugol’s on left half of
slide.

Using an applicator, take a small portion of stool.

— if stool is formed, take sample from the middle and the surface.
— if stool has mucus or blood, take sample from the surface.

Mix the sample with the drop of saline first.
Take another sample and mix with the drop of iodine.
Place a coverslip over each drop as shown. (Avoid air bubbles).

Place the slide on the microscopic, using the low power X10 objective and low light, scan the
saline side first.

Look for any motile forms, eggs or worms.
Identify all organisms on high power (X40).
Move to iodinc side and using X40 and more light, look for cyst forms, eggs etc.
Note: The iodine will:
-— destroy troph forms
— stain cytoplasm of cysts (yellow-brown)

— nucleus becomes distinct and can be counted

Record all organisms found. If no parasites are found report NPF.
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PINWORM TECHNIQUE

The eggs of the pinworm are usually coliected (particularly in children) in the folds of skin

around the anus. They are rarely found in stools.

Materials:

—-  Cellophane tape
— Wooden tongue depressor
— Slide

Procedure:

[N

Place tape, sticky side down on a slide.
Place tongue depressor (or spoon handle) flat against underside of slide.

Gently pull the tape and loop it over the end of the tongue depressor (or spoon handle), hold
firmly together.

Separate patient’s buttccks and touch the tape (sticky side) against the skin in several
areas.

Spread the tape back over the slide, sticky side down.

Press firmly and examine.

If no tape is available a cotton swab and saline can be used.
Wipe swab around outside of anus and dip into about 10 drops of saline.
Mix well and place a drop of mixture on slide, coverslip and examine.
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PARASITE IDENTIFICATION

Identification of parasites in humans depends mainly on the recognition of their cyst and/or
trophozoite stage.

Trophs

—  Characteristically has a thin membrane and shows considerable variation in size and
shape. They are also moving in some cases.

Cysts

—  Sphericul, round, or elongate and have less size variation and usually have a uniform,
smooth wall.

Charateristics that are used for identification;

(a) Size — measured, by a micrometer, can vary depending on the age of the specimen and if
it is in a preservative.

(b) Motility — trophs may have some characteristic movement in freshly passed, liquid or
soft stools.

(¢) Nuclei — depending on the species, 1 to 8 nuclei can be found with a fixed number in
mature forms. Size, location, and karyosome all aid in identification.

(d) Cytoplasm — course or fine granular, presence of nucleus, fibrils and ingested material
(RBC’s, WBC’s eic) aid identification.
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PROTOZOA

Identification of intestinal protozoa is based on the morphology of trophs and cysts seen in the
stool specimen. The trophozoites (trophs) are motile:

— slow, progressive movement of a cell. (amocba)
—— or because they have rapidly moving flagella (long whip-likc threads) or cilia (many short
hairs).

Classification:

1. amoeba — without flagella or cilia

2. flagellates — with flagella

3. ciliates — with cilia

Some protozoa are pathogenic (harmful); others are less so or are non-pathogenic (harmless).
However, the presence of some of the non-pathogenic organisms are “‘ma.%ers” that indicate the
patient has ingested fecally contaminated food or water. Another specimen is needed to sce if
additional organisms arc present.
Amocba

I. Entamoeba histolytica:

— may cause dysentery, prolonged sickness can cause abscesses.
— only amoeba that is always pathogenic.

2. Entamocba coli:
— non-pathogenic
— indicates fecal contamination ingested
— usually a reliable “marker”

3.  Entamocba hartmani:

— non-pathogenic, however, this status is guestioned by some.
— important because it has to be distinguished from E. histolytica.

4, Endolimax nana:

— smallest of the amocba
— non pathogenic

5.  lodamoeba butschlii:

— non-pathogenic
— large slycogen mass
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6. Dientamoeba fragilis:
— considered by most to be non-pathogenic, however, it apparently has been the main cause
of diarrhea and discomfort in some patients.
— no cyst stage.
Flagellates
l.  Giardia lamblia:

— pathogenic (giardiasis)
— not difficult to diagnosis

2.  Trichomonas hominis:

— non-pathogenic
— distinguish from giardia

3. Chilomastix mesnili;

— controversy on whether it’s pathogenic
— fagella sometimes hard to see, can be confused with E. histolytica.

Ciliates
1. Balantidium coli:

— pathogenic

— largest of the protozoans

— only ciliate parasite found in humans
2. Blastocystis hominis:

— protozoan of uncertain classification

— in large numbers can cause prolonged, mild diarrhea.
— found in small numbers in stools, usually indicates the presence of other organisms.
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ENDOLIMAX NANA IODAMOEBA  BUTSCHLII

trophOzoite,,c

4

trophozoite
BALANTIDIUM COLI CHILOMASTIX MESNILI

INTESTINAL PROTOZOA OF MAN
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Blastocystis  hominis

Chilcmastix mesnili

Trichomonas hominis

Trichomonos vaginalis

INTESTINAL PROTOZOA OF MAN
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HELMINTHS

Helminth infections are diagnosed by finding characteristic eggs, larvae, or proglottids in
stools. For the most part, the eggs are uniform in shape, colour and stage of devclopment.

Identification Criteria:

Size

— length range = 25 um to 150 um or longer

— diameter range = 12-14 um to 90 um

— assess according to microscopic field (¥4 the field, !5 the field)
Shape

— from spherical to elongate is typical.
Eggshell

— most usually have a smooth shell that vary in thickness -
— colour varies from colourless to yellow/brown
— structures can modify i.c.:

— plugs (Trichuris)

— ruffled (Ascaris)

— striations (Tacma)

— spines {Schistosoma)

— knobs (Clonorchis)

— operculum (Diphyllobothrium)

Stage of Development

Freshly passed cggs:

— characteristic for each species

— usually unembryonated .

— if allowed to stand for a day or so can proceed to hatch (hookworm eggs)
Note: All findings arc pathogenic.
1.  Enterobius vermicularis (pinworm):

-— most common human infection (children)

— not found in feces but at the anual opening
— cggs are oval and flattened on one side with thick, colourless shell

—  50-60 um
— granular mass or embryo of worm inside
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Ascaris lumbricoides (roundworm):

— largest roundworm of man

— Fertile egg — round to oval 45-65 um, “‘ruffled” edge with a thick inner hyaline
shell.

— Decorticated egg — no “ruffles™ with thick shell, inner content usually round and does
not fill whole shell.

All cggs are brown/yellow in colour.
Trichuris trichiura (whipworm):

— barrel shaped 50-55 um with smooth thick shell
— round, transparent plugs.at both ends

Ancylastoma duodenale (hookworm):

— thin shell, colourless 60-75 um
— 48 granular cclls — sometimes 16 depending on maturity
— cggs shed in feces in soil

Strogyloides stercoralis (threadworm):

— thin shell, resemble hookworm cggs

~— rarely seen because cggs hatch in the intestine and the worm passes
— human inicction by skin penetration (from soil)

— patient often asymptomatic (no diarrhea)

Tacnia saginata (beef tapeworm):

— sperical, yellow-brown 30-45 um
— thick -shell with radial striations
— eggs not infective to humans
— six hooked embryo

— do not confuse with pollen

— look for proglottids

Taenia solium (pork tapeworm):

— identical to saginata
— eggs very infective to humans
— look for proglottids

Hymenolepis nana (dwarf tapcworm):

— spherical with thin hyaline shell 30-47 um
— 4-8 filaments arranged like a fan
— common in children
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9.  Hymenolepis diminuta (rat tapeworm)
— large (70-85 um) spherical
— yellow-brown thick shell
— 6 hooklets in a fan shape
— rat fleas are carrieres

Note: Quantitate and note all eggs seen.
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WORMS

. Large roundworm (Ascaris):

It. pink-solmon colour
15 cm to 25 cm long
males have curved tails, female straight

2. Small roundworm (pinworm):

white and motile

female — long painted tail (most frequent)
male — blunt tail

found in stools or around the anus

3. Whipworm:

Males 30-45 um long coiled tail, females 35-50 um straight tail, thread — like bottom with
thicker short heads.

4. Hookworm:

long buccual cavity
pointed tail

8-14 mm

sheath around larvae

5. Threadworm:;

only female infective 2-3 mm
short buccal cavity

notched tail

no sheath

6. Taenia species (proglottids):

saginata — scolex with 4 suckers, no hooklets, proglottids — longer than wide, over 15
branches per side, passed singly.

soluim — 2 rows of hooklets, proglottids passed in short chains, 7-13 branches on each
side.

7. Examination of Worms and Proglottids:

Note:

cxamine chain or single proglottid
place between two slides and hold up to light — you can see the branches

If proglottids become dry and roll up, moisten with water. If whole worm is found. usc
forceps to carcfully untangle, look for the head (rarely found) to look for the scolex. Use

magnifying glass or microscope with X10 objective. 05
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Most common

Less common

BEEF TAPEWORM
(Taenia saginata)

'PORK TAPEWORM
{Taenia solium)

DWARF TAPEWORM
{Hymenolepis nana)

DOG TAPEWORM
{Dipylidium caninum)

Single rectangular
segments found

in underclothes and
in the bed; they
pass through the
anus independently
of the stools

long

Small chains of
3-4 rectangular
segraents found
inthe stools

They sre part of an
intestinal worm 3-5m

A small worm 2-4 cm
long

A worm 5-30cm long

Pores arranged in
irregular alternation

ZESSSS

Pores generally
arranged in regular
alternation

Pores all on the same side

Two pores on opposite
sides of each segment

lvory white
segment of 1-2cm

About 20 uterine
branches

Pale blue segment
of 0.5-15em

About 10 uterine
branches

1 mm wide

Uterine branches hardly
visible :

Reddish segment of
03-05em

Two bunches of uterine
branches

4 suckers
{2 mm diameter)
Very thin neck

2 crowns of hooklets
= 4 suckers {1 mm
diameter)

1 invaginated crown of
hooklets — 4 suckers
(0.5 mm diameter)

4 external crowns of
hooklets — 4 suckers
{0.5 mm diameter)

OTHER TAPEWORMS:

Dibothriocephalus is found mainly in cold climates.

Echinococcus is found in dogs; only the hydatid cyst is found in

man,
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MALARIA PARASITES

Malaria parasites are found in the blood. Anopheline mosquitoes are responsible for the
(ransmission to humans. There arc 4 specics that are found in humans.

tasmodium falciparum
Plasmodium vivax
Plasmodium malariac
Plasmodium ovale

Falciparum and vivax arc most common in Pakistan and Afghanistan. Diagnosis of malaria is
made by finding the parasite on a thin and/or thick blood slide stained with Giemsa or Ficld
stain.

Prepare the Slide:

Blood — parasitcs most numerous at the end of a fever cycle, take blood then. If the slide is
negative, make another slide 10-12 hours later. Always collect blood before antimalarial drugs are
taken. Capillary blood is best for the detection of malaria.

Thick film — used to detect parasites.

Thin film — usced to identify species for trcatment.

Always prepare both thick and thin smear.

Giemsa is the recommended stain.

Procedure:
[.  Wipe finger with cthanol and dry well.
2. Using a sterile lancet, prick side of finger.

3. Collect the first drop of blood on slide and make film.

4. Spread drop using the edge of another slide. Too thick or thin will not stain well. (see print
thru).

5. After thick slide is spread, collect drop for thin film.
6. Label slides properly and allow to dry.

Do not keep unstained slides for more than 4 days. Thick and thin smears may be on same slide
(Iess staining time) or they may be done individually.
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Preparation of thick thin blood smear on same slide:

1.

2.

Sclection of 2nd or 3rd finger on cither hand is suggested.

Puncture finger at side of ball of finger but not too close to nailbed.
Gentle squeeze of the finger may be needed,

Grasp slide by its edge (first slide).

Touch the slide with drop of blood from below.

Spread drop of blood to about 1 ¢m?.

"Touch a new drop of blood with edge of another slide.

Bring cdge of slide with the blood to touch surface of first slide, let blood spread along

edge.
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9. Push slide at about 45°, forward with steady rapid motion.

10. Write with pencil the slide indentification number and date. Place slide on flat surface to allow
thick smear to air-dry, keeping insccts such as flies from lapping up the wet blood.

1. Thick blood smears are of the correct thickness when printing may be casily scen through
it.

Staining of thick and thin films:

Fixation

Prior to staining, fix thin film only in methanol and allow to air dry. If both thick and thin are
on same slide do not touch thick film with mcthanol.

Giemsa Stain (Dr. Chin’s method)

1. Fix thin smecar and allow to air dry.

o

Stain for 1-3 slides.

—  using a syringe, draw up | ml of giemsa and 9 ml of water.

—  pull plunger back some and mix solution by slowing inverting.

— place slide on a plastic convex rack face down, and flood slide.

— allow slide to stain for 10 minutes.

— carefully rinse in 2 changes of water.

— place in rack and allow to air dry (stain side down to protect from dust).

— examinc under oil immersion.

Note: Dr. Chin developed this method for this area. Water pH is alrcady around 7.2 and no
buffer salts are required.

Multiple Slide Staining (giemsa)

A 1in 10 dilution of stain may be made in a graduated cylinder for many slides.
~— mix gently with a glass rod.

— flood with stain and let stand for 10 minutes.

— rinse in 2 changes of water.

— allow to air dry and read.
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Field Stain (Thick film only).
Procedure

1. Dip the dried thick smear into field stain A.

!\J

Count to 10, remove slide and drain.

3. Wash in container of tapwater — dipping until no more stain comes off.
4. Dip into ficld stain B and count to 10.

5. Rinse slide gently in tap water.

6. Dry in rack with film facing down.

Smear too blue — stain longer in B
Smear too pink — stain longer in A

Thin films:
Infected red cells may:

-~ remain the same size

— stain more deeply

—  become enlarged

—- may contain pinkish dots

Thick films

— reds cells disappear

—  WBCs remain unchanged

— parasite forms remain

— report density (number per ficld)

Do not contuse platelets with malaria parasites.
Paticnts may have more than one type of malaria infection. After antimalarial drugs, parasites

stain poorly and look distorted. When numerous parasites arc found, the patient needs urgent
treatment.
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FALCIPARUM

Most pathogenic:
Host red celk:

Not enlarged.

Usually only trophzoites and gametocytes seen.

May contain several parasites.

No schuffners dots.
Trophs:

Small delicate rings

May contain 2 chromatin dots.

Heavy infections are common,
Gametocytes:

Crescent (banana) shaped with round ends.
Schizonts:

Very rarely seen their presence indicates

infections.
OVALE
Found mainly in West Africa (low prevalence).
tHost Red Cells:

May become oval.
Schuffner’s dots are present.

Trophs:
Regular dense blue ring
1 Red dot.
Gamctocyte:
Large ovil
-- Has brown pigment,
Schizont:

8-14 merozoites in rosette.
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severe

VIVAX

Reoccurance if not treated properly.

Host Red Cell:

Enfarged and irregular shape.
Schuftner’s dots are present.
Pale staining.

Trophs:

Large ring irregular in form.
1 Large red dot.

Gametocytes:

Oval or rounded and dense blue.
Contains scattered pigment.
Often at one end of cell.

Schizonts:

Large round
Mature forms contain
amount of pigment.

18-24 merozoites and a

MALARIA

Found in tropics and subtropic (low prevalence).

Host Red Cell:

Normal size.
MNo dots present.

Trophs:

Thick dense ring.
1 Dot.
Some granules of bluck pigment.

Gametocyte:

Large. round to oval.
Blue in colour.
Red chromatin dot against one edge.

Schizont:

Small compact neatly arranged merozoices.
Yellow/brown pigment always present.
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PREFACE

The purpose of this atlas is to be a comprehensive reference to aid the microscopist in
identification of blood cells, parasites, and urine sediment. The atlas can also be used as
a training aid for instructors and students. This atlas is basic and by no means contains all
the organisms or cells that can be seen. Use your knowledge and experience, this atlas,
and then ask for a scecond opinion of those bener qualifiecd when identification is
uncertaiin.,
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CELL TYPES FOUND IN SMEARS OF PERIPHERAL BLOOD FROM NORMAL INDIVIDUALS

A Erythrocytes F Monocyte with blue gray cytoplasm, cuarse

B Large lymphocyte with purplish-red (azurophilic} granules linear chromatin and blunt pseudopods
and deeply indented by adjacent erythrocyles G Thrombocytes

C Neutrophilic segmented H Lymphocyte

D Eosinophil | Neutrophilic band

E Neutrophilic segmented J Basophil

The arrangement is arbitrary and the number of leukocytes in relation to erythrocytes and
thrombocytes is greater than would occur in an actual microscopic field.
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Small mature lymphocyte

Lymphocyte of intermediate size

Lymphocyte with indented nucleus
Lymphocyte of intermediate size

Lymphocyte with pointed cytoplasmic
projections (frayed cytoplasm); typical nucleus
Spindle-shaped lymphocyte with indented
nucleus

Large lymphocyte with indented nucleus and
pointed cytoplasmic projections
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Large lymphocyte

Large lymphocyte with purplish-red (azurophilic)
granules

Large lymphocyte with irregular cytoplasmic
contours

Large lymphocyte with purplish-red (azurophilic)
granules and with indentations caused by pressure
of erythrocytes

Large lymphocyte with purplish-red (azurophilic)
granules )
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MONOCYTES 4 it 3= 90

A Monocyte with "ground glass" appearance, E Monocyte with blue gray color, band type of
evenly distributed fine granules, occasional nucleus, linear chromatin, biunt pseudopods
azurophilic granules and vacuoles in cytoplasm and granules

B Monocyte with blue gray cytoplasm and F  Monocyte with blue gray color, irregular shape
granules and with lobulation of nucleus and multilobulated nucleus
and linear chromatin G Monocyte with segmented nucleus

C Monccyte with prominent granules and H Monocyte with multiple blunt nongranular

deeply indented nucleus
D Monocyte without nuclear indentations

pseudopods, nuclear indentations and folds
Monocyte with vacuoles and with nongranular
ectoplasm and granular endoplasm
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COMPARATIVE MORPHOLOGY: Gy bgd o S8 d s

NEUTROPHILIC GRANULOCYTES, MONOCYTES, LYMPHOCYTES wignn Logiady!
A N. myelocyte with mixture of neutrophilic and F Large lymphocyle with nongranular cytoplasm
dark reddish purple granules G N. myelocyte
B Monocyte with nuclear fold H Typical monocyte with lobulated nucleus, blue
C Large lymphocyle with scalloped shape and gray color and blunt pseudopods
absence of folds in nucleus | Large lymphocyte with purplish-red {azurophilic)
D N. metamyelocyte with light pink cytoplasm color granules and limpy nuclear structure
and neutrophilic granules
E Monocyte with blue gray cytoplasm, prominent

granules and multilobulated nucleus (brain-like
convolutions) and linear chromatin strands
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Lymphoblast
Monoblast
Plasmoblast
Prolymphocyie
Promonocyte
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Proplasmocyte
Lymphocyte with
clumped chromatin
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Figures 1-3
Figure 4
Figure 5
Figurc 6
Figure 7

Figures 8-9

PLATE 8
Plasmodium vivax
Ring forms and young trophozoites.
Trophozoites with ameboid appearance.
Maturc trophozoites with schuffner’s dots.
LEarly schizont, gamctocyte and trophozoite.
Mature schizont

Mature schizont that fills red cell.

Figures 10-12 Mature gamcetocytes.
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PLATE 9
Plasmodium falciparum

Figures 1-3  Ring forms.
Figures 4-5  Maturce gamctocytes.
Figures 6-9  Heavy infections that are indicative of falciparum.

Figures 10-12 Developing gametocytes.
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PLATE 10
Plasmodium malariae

Figures 1-2  Typical ring stages.

Figures 3-6  Growing forms of trophozoites both band and basket
forms.

Figure 7 Immature schizont.
Figures 8-9  Maturce schizont.

Figures 10-12 Gamecetocytes.
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GEOGRAPIIIC DISTRIBUTION. It occurs primarily in tropical Africa, but
can be found in New Guineca and the Philippines. Rarely will it be found in
Pakistan or Afghanistan.
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PLATE 11
Plasmodium ovale

Figures 1-2 ‘T'ypical ring forms.

Figures 3-5  Growing trophozoites.

Figurcs 6-8  Immature schizonts.

Figurc 9 Mature schizont.

Figurce 10 Gamctocyte with black pigment granules.

Figures 11-12 Gamctocytes with compact pigment.

GEOGRAPHIC DISTRIBUTION. It occurs primarily in tropical Africa, but

can be found in New Guinea and the Philippines. Rarely will it be found in
Pakistan or Afghanistan.
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PLATE 12
Thick Films

Figures 1-4  P. vivax. Rings and trophozoites (fig. 2 arrow) gamctocytes
(arrow figure 3).

Figures 5-6 P. ovale. Rings, trophs and gamctocytes.
Y B P 8 y

Figures 7-9  P. malaria. (fig. 7), 5 trophs and 2 WBCS (fig. 8), Central
troph with 4 schizonts (fig. 9) gamctocyte.

Figures 10-12 P. falciparum, (fig. 10) rings (fig. 11), ring and gametocyte
(fig. 12) gametocytes and platclets,
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PLATE 13

Malarial parasites of the 4 plasmodium specics sho ving a comparison in the
stages of development.
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Plasmodium Plasmodium Plasmodium Plasmodium
falciparum vivax malariae ovale
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PLATE 14
Entamoeba histolytica

Figures 1-3  Trophozoites with distinct karyosomes. Fig. 3., contains
ingested RBCs.

Figurce 4 lodine-stained cyst with 2 nuclei and a chromatiod body.
Figure 5 Matur 2 iodine-stained cyst with 4 distinct nuclei.
Figure 6. lodine-stained cyst that contains 1 nucleus and a distinct

glycogen mass.
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Entamoeba coli

Figures 1-2  E. coli trophozoites, trichrome stained with cccentric
nuclei and karyosome.

Figurc 3 Typical mature cyst, iodine-stained.

Figurce 4 Size comparison of E. coli (larger) and L. histolytica (small)
Cysts.

Figure 5 Unstained, formalin - preserved cyst.
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PLATE 16
Iodamoeba butschlii and Dientamoeba fragilis

Figure 1 L.B. trophozoite stained with trichrome that shows a dark
staining karyosome.

Figures 2-3  Typical iodinc-stained cysts with dark glucogen mass. Fig.
2, is high power, Fig. 3 is low power.

Figurc 4-6 D. fragilis trophozoites that are typical of the parasite, cach
have 2 nuclei.
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PLATE 17

Entamoeba hartmanni, Endolimax nana, Chilomastix mesnili

Figure 1

Figure 2

Figure 3.
Figurc 4.
Figure 5.

Figure 6.

E. hartmanni trophozoite.
. hartmanni cyst.

E. nana trophozoite.

E. nana cyst.

C. mesnili troph.

C. mesnili cyst (notice lemon shape)
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PLATE 18
Giardia lamblia

Figures 1-3  Giardia trophozoites with typical pear shape and 2 nuclei.

Figures 4-6  Giardia cysts. Figures 5 and 6 are smaller duc to the
shrinkagce of the organisms during fixation.
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PLATE 19
Balantidium coli

Figures 1 and 3 B. coli trophozoites, casy to recognize because of
their size.
Figure 2 B. coli cyst with clear refractile wall.

Figure 4 Trichrome - stained trophozoite that shows the key
features of B. coli.
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PLATE 20

Enterobius vermicularis (pinworm)

Figure 1
Figurc 2
Figurc 3

Figurce 4
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Pinworm cggs found in a cellophane tape preparation.
Pinworm cggs that you can’t sce the flat surface,
Adult female worm, notice the pointed tail.

Adule male worm, notice the blunt tail.
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PLATE 21
Ascaris lumbricoides

Figure 1 Typical fertilized egg found in fresh stools.

Figures 2-4  Eggs that demonstrate  considerable  variation  of

external "ruffles”.

Figure 5 Unfertilized egg that is decorticated.
Figurc 6 Infertile egg that has a poorly developed "ruffle".
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PLATE 22
Trichuris trichiura and Hookworm

Figures 1-2  Hookworm eggs with typical hyaline shell.

Figurc 3 Male and female whipworms. The male usually has a coiled
tail. Rare, not found in feces except following treatment.

Figures 4-5 T trichiura eggs. Fig. 4 is an embryonated cgg and Fig. 5 is

an uncembryonated cgg. Both show the typical bipolar
plugs.
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PLATE 23
Hookworm and Strongyloides larvae

Figures 1 and 3 Hookworm larvac with a long buccal canal and the
genital primordium cannot be seen.

Figures 2 and 4 S. stercoralis larvace with a short buccal canal and the
gential primordium can be seen (arrow).
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PLATE 24

Hymenolepis nana
Hymenolepis diminuta

Figures 1-2  Clear, thin - shelled eggs of H. nana that contain a six -
hooked embryo.

Figurc 3 H. nana and H. diminuta cggs that show a clear size
difference. 11 nana is the smaller egg.

Figure 4 . diminuta cgg. It is larger than FL nana and has a thicker
it 88 8
shell.
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PLATE 25
Taenia saginata and Taenia soluim

Figure 1 T soluim scolex with 4 suckers and 2 rows of hooks.
Figure 2 1. soluim proglottid (less than 13 branches)
Figure 3 Tacnia specics eggs with radially striated shell and  6-

hooked embryo.

Figure 4. I saginata scolex with 4 suckers and no hooks.
Figure 5 'T. saginata proglottid (more than 15 branches).
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PLATE 26
Schistosoma mansoni, S. japonicum, and S. haematobium

Figures 1-2  S. mansoni cggs have a thin shell and prominent lateral
spine.

Figure 3 S. japonicum cgg is the smallest of the schistosoma cggs. It
has a thin shell and frequently has fecal debris attached,

making identification difficult.

Figures 4-5  S. hacmatobium cggs are found in the urine. They are
large cggs with a terminal spine.
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Figure 1
Figure 2

Figure 3

Figure 4
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PLATE 27
Fecal Debris

Plant fiber frequently confused with Strongyloides.
Vegetable cell sometimes confused with hetminth cggs.

Charcot-leyden crystals frequently found in people with
parasitic infections.

Vegetable spiral.
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PLATE 28
Fecal Debris

Figures 1-2  Plant matcrial.
Figures 3,5,6  Pollen grains

Figure 4 Diatoms occur in water. When found in fecal samples, this
usually indicates water contamination.
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Figure 1

Figure 2

Figure 3

Figurc 4

PLATE 29
Fecal Debris

Plant material that has a thick wall and might be confused
with a helminth egg.

This mitc cgg occasionally found in feces and may be
confuscd with hookworm.

This is the egg of a plant parasite that occurs on root
vegetables such as radishes and turnips, can be confused

with hookworm cggs.

A stage of algac.
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URINE SEDIMENT
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PLATE 30
Cells in Urine

Figures 1-2  White Blood Cells (WBC's): Found singularly or in clumps,

Figures 3-4  Red Blood Cells (RBC's): Fig. 3 shows fresh normal cells
and fig. 4 shows RBC’s starting to crenate (shrink).

Figures 5-6  Epithelial Cells: figure 5, Squamous Cells that indicate con-
tamination. Figure 6, Renal Cell: Take note of the cell and
the large nucleus.
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PLATE 31
Casts Found in Urine

Figure 1 Hyaline Casts: Usually colorless cylinders that arc best seen
with low intensity light.

Figure 2 Granular Cast: Contain finc or coarse granules throughout
the cast. Very refractile.

Figurc 3 White Blood Cell Cast: The cast should be more than 1/3
full of WBC'’s to be termed a WBC cast.

Figure 4 Red Blood Cell Cast: These present in the urine indicate
discasc or injury in the kidney.

Figure 5 Epithelial Cell Cast: The Cells in the cast arc much larger
than thosc found in WBC casts.

Figure 6 Waxy Cast: A relatively broad cast with a brittle appearance.
‘They can be yellow in color.

Figure 7 Broad Casts: They are usually waxy, granular, or cellular
and 2 to 6 times larger than ordinary casts. They are found
associated with severe dchydration and  severe  venal
diseasc.
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PLATE 32
Crystals Found in Urine

Figure 1 Uric acid: Found in acid urine and associated with gout.

Figure 2 Cystine: Very rare, but can be found in acid urinc of a
patient with cystinuria.

Figure 3 Tyrosine: An abnormal crystal found in acid urine of
patients with liver problems.

Figurc 4 Leucine: An abnormal crystal found in acid urine of
patients with liver problems. DO NO'I confuse with Taenia.

Figure 5 Calcium Oxalate: Crystals that can be found in any pll and
are most often associated with kidney stones. Note the
refractile "X"

Figure 6 ‘Iriple Phosphate: Usually found in alkaline urine but can
be found in acid urine.

Figure 7 Ammonium Urates (Buirate): A yellow - brown crystal scen
in urine when there is ammonia formation in the bladder.
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PLATE 33
Miscellaneous Structures in Urine

Figure 1 Bacteria: May be scen in urine sediment as a result of

cither urinary tract infection or contamination.

Figure 2 irichomonas vaginalis: The most frequently seen
parasitc in urinc. They arc rccognized by their

swimming motion in the sediment.

Figure 3 and 4 Yeast: Do not confuse with RBC's. They are ovoid in

shape and may frequently show budding.

Figure 5 Spermatozoa: Oval bodics with long delicate tails.
They may be mobil (moving) or stationary and can

be found in both male and female urine.

Figure 6 Urine Debris: Startch granules
Figure 7 Urine Debris: Cotton fibers
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PLATE 34
Mycobacterium Tuberculosis

Figure 1 One Acid-fast bacillus scen in a microscopic field (reported
as
+ — or numbers scen).

Figure 2 Singular bacillus and a few bacilli that are branching
(considered as 1+).

Figure 3 A heavier infection considered as 2+ if scen in 10 differ
microscopic ficlds.

All are sputum samples stain with Zichl-Neelsen.
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PLATE 35
Mycobacterium Tuberculosis

Figurc 1 and 3 Scen as a more infective case of ‘T.B. depending on
how many bacilli are seen per microscopic field.
Figure 2 This is an acid-fast stain of a T.B. culturc that

demonstrates cord formation and is associated with
the virulence potential of the T.B. organism.
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PLATE 36
Inappropriate Slides

Figurce 1 A sputum smear stained with Ziehl-Ncelsen that has not
been decolorized properly.

Figurc 2 A sputum smear that has been overheated (boiled).

Figurce 3 A sputum slide that was made too thick and is unreadable.
A new slide will have to be made.
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